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RESONANT-FREQUENCY METHOD OF SOIL DAMPING CHARACTERISTICS 
DETERMINATION 
 
Leonid Stavnitser, Dr.Sc., Professor, 
Gersevanov NIIOSP, Russia 
Galina Nikitaeva, Ph.D. (physics & mathematics), 






The resonant-frequency method of determining the absorption factors characterizing the soil damping properties has been developed 
for implementation of software programs on computation of dynamic interaction of foundation based constructions. This method is 
based on processing of amplitude-frequency characteristics of soil samples obtained from the vibro-dynamical tests carried out on the 
specially constructed installation equipped with the vibro-recording instruments. 
 
A set of experiments was performed with sandy and clayey soils at difference humidity, density and stratification depth, based on 
investigation of forced oscillations of these samples and further processing of the resonance curves within the frames of presentation 
of the linear theory of viscous elasticity of soils. 
 
The published works [1-7] do not allow creation of 
experimental data base for multi-various soil conditions; that 
is why the versatile resonant-frequency method for 
determination of dissipative characteristics of any type of soil 
samples has been developed and implemented in the dynamics 
laboratory at Gersevanov NIIOSP. The idea of this method is 
based on testing of the soil sample loaded with inertial mass 
by vibration action of variable frequency with development of 
amplitude-frequency characteristic the width of which in the 
resonance section is the single-valued function of oscillation 
logarithmic decrement. 
The vibrating stand of ESE type 221, RFT company, has been 
used for works, on which the viscoelastic characteristics of 
soil samples were measured. The diagram of the vibration-
measuring stand is given in Fig. 1. The installation includes 
the vibration exciter with the tension-shackle vibrating bolt 
rigidly fixed to its end surface, allowing securing the 
cylindrical steel liner with the granular soil sample to the 
vibrating bolt. The soil samples can be installed directly to the 
end surface of the vibrating bolt without the liner. The set-on 
weight with the vibration gage fixed on it is installed on the 
soil from above. The monitoring vibration gage, by which the 
level of vibration action is set, is installed alongside of the 
tension shackle on the end surface of the vibrating stand. 
Diameter of the cylindrical liner is 0.05 m, height - 0.098 m, 
bottom area - 19.625 cm2, and weight – 16.6 g. Mass of the 
set-on weight with the gage is 586.64 g. 
The monitored value at compression of the sample is its mass; 
at that, the fixed ratio of the load mass with the liner to the set-
on weight mass with the gage has been maintained that has 
constituted 0.33. 
In order to record the oscillations piezoelectric transducers of 
KD22 type of the RFT company have been used (frequency 
band 0 - 5 kHz, transmission ratio 15.5 mV/ms-2), power 
amplifier of LV102 type, MMF company (frequency band 3 
… 40 kHz), low-frequency signal oscillator of ГЗ-120 type 
(frequency band 5 … 500 kHz, basic frequency error does not 
exceed (3 + 30/f n)% in frequency band of 10 … 300 kHz and 
5% in the rest frequency band, where f n n  is a nominal value 
of the set frequency in Hz), three-channel vibration measuring 
device SM231 of RFT company, allowing measuring the 
vibration acceleration a, vibration velocity v and vibration 
shift γ in frequency band of 2 …15 kHz. 
In order to determine the operating amplitude-frequency range 
of action as well as to adjust the measuring-recording devices 
preliminary calibration tests have been carried out, as a result 
of which the frequency band of 150…250 Hz has been 
selected. At that, the amplitude of initial bouncing of the 
vibration stand desk top was 1 µm. 
When working with granular soils the natural humidity was 
determined; when needed, the soil was brought up to the 
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required humidity and then was compacted in the cylindrical 
liner with subsequent determination of the obtained density. 
In the process of measurements the forced longitudinal 
oscillations of soil samples were excited and the oscillation 
amplitude of the set-on weight depending on the oscillation 
source frequency was determined by means of the 
piezoelectric transducers. 
 According to the obtained resonance curves of the amplitude-
frequency characteristics (Fig. 2) the frequencies of the natural 
longitudinal oscillations of the soil sample fres and the 
damping characteristics of the soil material were determined, 
for which there exist the formulas known from the mechanical 
oscillation theory: oscillation logarithmic decrement δ = 
π(∆f/fres) and absorption factor Ψ = 1 – exp(-2δ).  
The example of typical experimental curve for sandy water-
saturated soil is given in Fig. 3. 
Calculations are made with the use of the interactive software 
program MATLAB. The results of the experiments carried out 
for Novovoronezhskaya, Kurskaya and Smolenskaya NPP 
with different soil samples having the density ρ  (t/m3) and 
humidity w (%) are given in the Table 1. 
 The suggested method is easy-to-use, free from 
errors of cyclic loading method and does not require 
assumption on adiabaticity of the processes of 




















NPP ρ,t/m3 w, 
% 
σδ  ψψ  
Novovoronezhskaya          1,63 4,7 0,3397 0,4925 
           1,72 5,7 0,2561 0,4008 
 1,79 13,9 0,3534 0,5068 
 1,66 3,3 0,4856 0,6221 
 1,87 8,5 0,2262 0,3639 
 1,66 16,4 0,2674 0,4142 
 1,76 7,8 0,2262 0,3639 
 2,17 25,4 0,2623 0,6201 
 2,12 16,9 0,6201 0,7106 
Kurskaya  1,91 10,4 0,4611 0,6001 
 1,86 17,5 0,3604 0,5112 
 1,85 21,3 0,4820 0,6203 
 1,68 13,3 0,2933 0,4410 
 1,91 17,4 0,3101 0,4611 
 1,79 18,8 04706 0,6115 
 1,83 33,1 0,3918 0,5418 
 1,81 28,7 0,3110 0,5606 
 1,60 28,7 0,3022 0,4513 
 2,12 25,6 0,6426 0,7204 
Smolenskaya  1,78 8,84 0,2199 0,3558 
 2,00 15,98 0,4295 05764 
 1,85 16,49 0,1723 0,2915 
 1,93 7,24 0,6077 0,7034 
 1,87 13,64 04477 0,5915 
 1,99 17,80 0,4229 0,5708 
 1,90 18,35 0,6646 0,7353 
 1,83 17,30 0,3481 0,5015 
 1,82 15,03 0,6232 0,7125 















            Fig.1. The diagram of the vibration-measuring stand 
 
1 – The cylindrical steel liner with the granular soil sample; 2 
– the tension shackle; 3 – the end surface  of the vibrating 
bolt; 4 – the vibrating bolt; 5 – the vibration gage; 6 – the 
monitoring vibration gage; 7 – the set-on weight; 8 – the 
power amplifier; 9 – the low-frequency signal oscillator; 10 – 

























    
    
  
 
 
